Introduction
Modern radiotherapy for the treatments of cancer has made tremendous technological progress in X-ray production, delivery, imaging systems integrated into a medical linear accelerator (LINAC), and computer-based treatment planning. Nonetheless, there are the issues to solve the problems in radiotherapy, such as 4D calculations, 1) tumor tracking on a moving tumors, 2, 3) image quality and absorbed dose during cone beam computed tomography (CBCT) acquisition to verify patient set-up, 4) calculation-accuracy of radiation treatment planning system (RTPs) in an inhomogeneous area on low density, 5, 6) and dosimetry of a small field (＜3×3 cm 2 ). [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] These issues have been great challenges in modern radiotherapy. Especially, small field dosimetry is the most important in modern radiotherapy because it has been frequently used to remove the tumor with high dose hypo-fractionated stereotactic radiosurgery (SRS) or high dose single fraction SRS with small size target.
Small field dosimetry is difficult because of (a) a lack of lateral electronic equilibrium, (b) steep dose gradients, and (c) partial blocking of the source. 7) Some authors published measurements of the total scatter factor, profiles, tissue maximum ratio, and penumbra using an ion chamber and Gafchromic EBT2 films in a small field. [8] [9] [10] [11] Bassinet et al. reported the output fac- 
Materials and Methods

Characteristics of a medical linear accelerator
The Novalis Tx which is the state-of-the-art medical linear accelerator, was used in these experiments. 
Water phantom with various ion chambers and EDGE detector
The gives approximately 100 times more signal even though it is over 6000 times smaller in volume. The blue phantom was positioned at a source-to-surface distance (SSD) of 100 cm. Gafchromic EBT2 films are self-developing with several improvements. EBT2 films have several characteristics compared to the previously used the radio-chromic film. They contain a yellow marker dye to minimize the response difference caused by coating anomalies and have a wide of range for energies from The fitted curves used by the following log equation as below:
The related coefficients are a=−37212.0, b=−12817.2, c=59.6 and adjusted R-Square=0.999 for r channel.
Because the red channel is the smallest for an increase of the absorbed dose while increasing the analog-to-digital converter (ADC) values, the red channel was selected for the measurement of the output factor with various field sizes.
Results and Discussion
The output factors were measured using the CC13, CC01, EDGE, TLD, and Gafchromic EBT2 films for photon beam from a 6 MV accelerator with a Novalis Tx linear accelerator.
The detectors for the CC13, CC01 and EDGE measured the water phantom, and the output factors for the TLD and Gafchromic EBT2 film were used for the solid phantom (PMMAPolymethylmethacrylate). All the measured output factors were normalized to a 10×10 cm 2 field size.
The CC13, CC01 and EDGE detectors were measured from 0.5 cm to 10 cm, and the TLD and EBT2 films are measured up to 10 cm. The difference in the output factor between 2×2 cm 2 to 10×10 cm 2 field size was less than 2%, but compared to the EDGE detector there were differences of −55. Until now, ionization chambers the most widely used to the measurement of the ionization dose, but those are not always suitable where situations of high dose gradients, volume averaging, and lack of electron equilibrium in the dosimetry of small photon fields.
IPEM Report-103 7) pointed out that the deficiencies in the dosimetric accuracy of the measurement have been shown to significantly affect the outcome of quality control in radiotherapy such as, IMRT, Dynamic Conformal ARC (DCA), and RapidARC techniques.
Conclusion
In conclusion, dosimetry of a small field (＜3×3 cm 2 ) has been great challenges in radiotherapy. The small field dosimetry is important in modern radiotherapy because it has been frequently used to remove the tumor with high dose hypo-fractionated stereotactic radiosurgery (SRS) or high dose single fraction SRS with small size target.
Our study shows that the dosimetry for a small photon 
